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SUMMARY The risk of bleeding associated with intracoronary infusion of streptokinase in acute
myocardial infarction was determined in a randomised controlled trial containing 302 patients
under the age of 70. Intracoronary streptokinase infusion was given to 152 patients and 150
patients were treated conventionally. Bleeding was seen in 24 (16%) patients in the streptokinase
group and in two of the conventionally treated patients. Bleeding was most common (28%) in
patients over the age of 60 years. The groin was the site of bleeding in all patients except one. In
the first 48 hours after admission the haematocrit in streptokinase treated patients with manifest
bleeding fell by 0 07 (0 04) (mean (SD)). The fall in haematocrit in the streptokinase treated
patients without manifest bleeding was 0 05 (0 04) and in the conventionally treated patients it fell
by 0 03 (0 04). Sixty six units of packed cells were transfused in the streptokinase group (50 units
to those who bled); the control group required only 17 units. There were no deaths due to
bleeding. The occurrence of bleeding and the fall in haematocrit in the streptokinase group
correlated with the occurrence of systemic fibrinolysis but not with the dose of streptokinase
given.
Thus, in about 15% of patients treatment with intracoronary streptokinase resulted in

significant non-fatal bleeding from the femoral puncture site that required substantial transfusion
support. Furthermore, there was a significant drop in haematocrit in patients without manifest
bleeding. These results emphasise the need for more specific fibrinolytic agents.

Streptokinase is an effective thrombolytic agent in
arterial and venous thrombotic disease.12 It can,
however, produce massive, and potentially fatal
bleeding due to systemic breakdown of fibrinogen
and other clotting factors. Techniques of selective
intra-arterial administration have been developed in
an attempt to prevent such bleeding.

Intracoronary infusion of streptokinase in acute
myocardial infarction has been shown to reduce in-
farct size,34 and preservation of left ventricular
function45 and improvement in six month
mortality4 have been reported. Although selective
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thrombolysis with low dose streptokinase was very
effective in achieving reperfusion of occluded coro-
nary arteries, systemic fibrinolysis was common.69
The combination of intra-arterial instrumentation
and systemic fibrinolysis when streptokinase is given
by the intracoronary route may promote serious
bleeding complications in acutely ill patients with
myocardial infarction.
We analysed the risk of bleeding associated with

intracoronary streptokinase treatment in acute myo-
cardial infarction in a randomised multicentre study.

Patients and methods

The following four hospitals participated in a multi-
centre study in the Netherlands: Thoraxcenter, Di-
jkzigt Hospital, Rotterdam; Free University
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Hospital, Amsterdam; Zuiderziekenhuis, Rot-
terdam; and Annadal Hospital, Maastricht. Between
May 1981 and December 1983, 302 patients who
met the following criteria entered the trial: (a) typi-
cal history and symptoms of acute myocardial in-
farction within 4 hours of admission; (b)
electrocardiographic changes typical of acute trans-
mural myocardial infarction (that is, ST elevation in
the standard leads of >01 mV or ST elevation of
> 0 2 mV in the precordial leads); (c) age < 70 years;
(d) absence of earlier streptokinase treatment, coro-
nary bypass operation in the area infarcted at admis-
sion, recent trauma, prolonged cardiac massage,
menorrhagia, pregnancy, unconsciousness, active
gastric ulcer, haematuria, or stroke. Data on the pa-
tients at admission are given in Table 1. After ad-
mission to the study the patients were randomly
allocated to either intracoronary streptokinase treat-
ment (n= 152) or conventional treatment (n= 150).
Informed consent was obtained from patients ran-
domised to the streptokinase group. They under-
went coronary arteriography by the transfemoral
(Judkins) route through a French 7 introducer
sheath. An intravenous bolus injection of 250 mg
acetylsalicylic acid, 100 mg hydrocortisone, and
5000 units of heparin was then given. In patients in
whom the infarct related coronary artery was oc-
cluded, intracoronary streptokinase was infused at a
rate of 4000 units per minute. Coronary arte-
riography was repeated every 15 minutes to check
whether reperfusion had taken place. After reper-
fusion, if any, the infusion of streptokinase was con-
tinued for at least 15 minutes. Intracoronary
streptokinase infusion was limited to a maximum of
60 minutes corresponding to a maximum dose of
250 000 units. When the infarct related coronary ar-
tery was patent on the first arteriogram, the artery
was perfused with 4000 units of streptokinase per
minute for 15 minutes. A left ventricular cine-

Table 1 Characteristics mean
randomisation

!(SD) ofpatients before

Streptokinase Control

No of patients 152 150
Sex (% male) 82 85
Age (yr) 54-6(9-3) 54-5 (8 9)
Use of oral anticoagulants 11 6
Use of antiplatelet drugs 0* 6*
Resuscitated 4 2
Systolic blood pressure (mm Hg) 133-1(28-2) 133-3(27-1)
Diastolic blood pressure (mm Hg) 85-3(17-2) 87-8(17-5)
Heart rate (beats/min) 72-9(15-2) 73-1(17-2)
Haemoglobin (mmol/l) 9-2(0 9) 9-2 (09)
Haematocrit 0-44(0 04) 0 44(0 04)
Lactate dehydrogenase (U/1) 249(105) 245 (96)

*p<0 05.
Conversion: Haemoglobin: 1 mmol/l = 1-6 g/dl.

Lactate dehydrogenase: 1 U/1 = 16-67 nkat/l.

angiogram was then obtained and left ventricular
pressures were recorded. The arterial catheter was
removed and the femoral artery introducer sheath
remained in place for 24-48 hours.
A Swan-Ganz catheter was introduced by femoral

(only in the streptokinase patients), subclavian, jug-
ular, or brachial vein puncture by a French 8 intro-
ducer sheath and the catheter remained in the
pulmonary artery for 24 to 48 hours. Heparin in-
fusion of 10 000-20 000 units per 24 hours and cou-
madin were started in the coronary care unit.
Heparin infusion was stopped when the partial
thromboplastin time exceeded 120 sec.

Patients in the control group underwent con-
ventional treatment and had haemodynamic moni-
toring with a Swan-Ganz catheter in the same way as
the patients in the streptokinase group. Anti-
coagulation with heparin and coumadin was identi-
cal to that given to patients in the streptokinase
group. In 13 patients (9%) allocated to streptokinase
treatment, catheterisation was not performed be-
cause of technical difficulties or because the patient
refused. Three patients (2%) allocated to con-
ventional treatment had intracoronary infusion of
streptokinase during the acute phase. The results
were analysed on the basis of intention to treat.
Venous blood samples were taken at admission

and at 3, 6, 12, 18, 24, 36, and 48 hours after admis-
sion for laboratory tests including haemoglobin con-
centration and haematocrit. Standard medical care,
including analgesics, diuretics, and inotropic sup-
port, was given to all patients.10 The occurrence of
bleeding, thrombosis, pulmonary embolism, recur-
rent angina and infarction or both, left ventricular
failure, and arrhythmias was recorded. Blood trans-
fusions were given according to the instructions of
the consulting physicians. Haemoglobin concen-
trations which were below 7-0 mmol/l (11-2 g/dl) at
admission or during the first 48 hours after acute
myocardial infarction were regarded as an indication
for blood transfusion.

Bleeding was defined as the occurrence of hae-
matoma, haemoptysis, haematemesis, melaena, hae-
maturia, or an intracranial event within 48 hours of
admission. Swelling was regarded as an essential fea-
ture of the diagnosis of haematoma at the puncture
site. To estimate the change in haematocrit during
routine heart catheterisation, we studied 43 other
patients, aged < 70 years, undergoing elective coro-
nary angiography and left ventricular cine-
angiography because of chest pain. The haematocrit
was determined 24 hours before and 24 hours after
the procedure. The arterial catheterisation pro-
cedure was identical to the procedure used in the
study, except that streptokinase, acetylsalicylic acid,
and hydrocortisone were not infused. The arterial
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catheter sheath was removed immediately after the
patients had received 50 mg of protamine sulphate
intravenously.

STATISTICAL ANALYSIS
The results were analysed by Student's t test for
either unpaired or paired data, or by the x2 test for
frequency distribution analysis.

Results

CHARACTERISTICS OF PATIENTS BEFORE
RANDOMISATION
Apart from the more frequent use of anti-platelet
drugs in the control group there were no signficant
differences between the two groups before random-
isation (Table 1).

BLEEDING, SITE OF BLEEDING, AND
TRANSFUSION REQUIREMENT
Twenty four patients (16%) in the streptokinase
group had manifest bleeding which caused groin
haematomas in all of them. None of this group had
bleeding at other sites. Two patients (1%) on con-

ventional treatment had bleeding-one groin hae-
matoma and one haematoma at a venepuncture site
on the forearm. There were no deaths from bleeding
in either group. Patients in the streptokinase group
needed 66 units of packed cells compared with 17
units in the control group (p <0-0001). In the strep-
tokinase group 50 units of packed cells were given to
patients with manifest bleeding (16 patients) and 16
units to patients without manifest bleeding (eight
patients). Analysis of the characteristics of all pa-
tients before randomisation (Table 1) in relation to
these results showed that only age was of predictive
value. There was bleeding in 15 (28%) of the 53
patients aged >60. Only nine (10%) of those aged
<60 had bleeding complications. Thirty two per
cent of the patients with bleeding complications and
16% of those without were female. This difference is
not statistically significant. The control group re-

quired transfusions of 17 units of packed cells to
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eight patients including one with manifest bleeding.
Table 2 summarises these results.

FALL IN HAEMATOCRIT
We excluded results from 98 patients (56 allocated
to streptokinase and 42 to conventional treatment)
from the analysis because haematocrit values were

missing at admission or during the first 48 hours (82
cases), because patients allocated to streptokinase
had received conventional treatment (13 cases), and
because intracoronary streptokinase had been given
to three conventionally treated patients. Hae-
matocrits at entry and the lowest values observed in
the first 48 hours after entry were recorded in the
remaining 204 patients (97 in the treated group and
107 in the controls). Characteristics before random-
isation were no different in this subgroup than in the
total group as defined in Table 1. The mean (SD)
fall in haematocrit was 0 05 (0 04) in the strep-
tokinase treated group and 0 03(0 04) in the con-

ventionally treated group.

Table 3 shows the characteristics, the dose of
streptokinase, and the fall in haematocrit in these
patients in relation to bleeding complications. There
were no differences in the characteristics before ran-

domisation among the three groups. As expected, in
the streptokinase group there was a larger fall in hae-
matocrit in the patients with manifest bleeding than
in those without. The fall in haematocrit in the latter
group, however, is still significantly higher than in
the controls, indicating that there may have been oc-

cult bleeding without manifest bleeding in the strep-
tokinase treated patients. The dose of streptokinase
was similar in patients with manifest bleeding com-

plications and in those without.

SYSTEMIC FIBRINOLYSIS
Venous fibrinogen concentrations were measured
before and immediately after intracoronary strep-
tokinase infusion in 24 patients in the streptokinase
group (four patients with and 20 without manifest
bleeding). Systemic fibrinolysis was judged to have
occurred when the fibrinogen concentration

Table 2 Frequency of bleeding and transfusion requirement in all patients

Streptokinase Control

Bleeding Non-bleeding Bleeding Non-bleeding

No of patients 24* 128 2 148
Sex (% male) 71 84 0 86
Age over 60 years 15 (63%)*** 38 (30%) 2 (100%) 37 (25%)
Transfusions (units) 50** 16 4 13
Patients transfused 16 (67%) 8 (6%) 1 (50%) 7 (5%)

*p<O-00l, vs control group.
**p < 0-01, vs control group.
***p < 0-01, vs non-bleeders in the streptokinase group.
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Table 3 Fall in haematocrit, dose of streptokinase, and transfusion support in 204 patients (mean (SD))

Streptokinase group Controls

Bleeding Non-bleeding

No of patients 18 79 107
Baseline haematocrit 0-42(0 02) 0-45 (0-04) 0 44(0 04)
Fall in haematocrit 0 07 (004) 0 05 (0-04) 0-03(0 04)
Dose of streptokinase ( x 103 units) 234(58) 218(80) 0
Transfusions (units) 40 6 11
Patients transfused (no) 11(61%) 3 (4%) 6(6%)

*p < 0-001 vs control group.

dropped to 50% or less of the original value.
Systemic fibrinolysis occurred in 19 (79%) of the

24 patients tested. The fall in haematocrit
(0 05 (0 03)) in the patients without systemic
fibrinolysis was greater than the fall in those with
fibrinolysis (0-01 (0-03), p <005). There was mani-
fest bleeding in four patients (21%) with systemic
fibrinolysis and in none of the patients without sys-
temic fibrinolysis.

DOSE OF INTRACORONARY STREPTOKINASE
AND FALL IN HAEMATOCRIT
There was no correlation between the dose of intra-
coronary streptokinase given to the 97 patients
shown in Table 3 and the fall in haematocrit
(Figure).

HAEMATOCRIT BEFORE AND AFTER ELECTIVE
CATHETERISATION
There was no change in haematocrit in patients
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Figure Fall in haematocrit and dose of intracoronary
streptokinase in 97 patients.

undergoing elective heart catheterisation (0-45 (0 02)
before and 0-45 (0-04) 24 hours after cath-
eterisation).

Discussion

Although controlled trials have not confirmed the
efficacy of intravenous streptokinase treatment in
acute myocardial infarction,112 they have shown
that a dose of 2 5 million units in 24 hours may safely
be given. There were reports of non-fatal bleeding
complications in 0-25% of patients but they did not
require transfusion. 1-13 The effective intra-
coronary dose of streptokinase is quite low but arte-
rial puncture and instrumentation themselves
increase the risk of bleeding. The reported fre-
quency of haemorrhagic complications associated
with intracoronary streptokinase varies from 0% to
23%. 3414 15 Isolated reports of bleeding after intra-
coronary streptokinase"6 may merely reflect normal
complications of myocardial infarction. Hae-
morrhagic infarction1718 with or without ventricular
rupture can occur without fibrinolytic treatment.
We found bleeding in 16% of patients treated

with intracoronary streptokinase. Bleeding occurred
exclusively at the femoral puncture site and substan-
tial transfusion support was necessary. Bleeding re-
sulted in a large drop in haematocrit.
The haematocrit usually falls to 0-02 in the first

few days after acute myocardial infarction.19 But the
fall in patients treated with streptokinase (even in
those without manifest bleeding) was significantly
higher than that in the control group. This suggests
that there was occult bleeding in the group given
streptokinase. Such bleeding is minor, of unknown
origin, and has no clinical consequences. It is not the
result of standard anticoagulation (intravenous
heparin and oral coumadin), since control patients
on the same regimen had a significantly smaller fall
in haematocrit. Nor can it be attributed to venous
catheterisation because most patients had this pro-
cedure. Furthermore arterial catheterisation per se
does not necessarily cause a drop in haematocrit,
since in our hands elective catheterisation did not
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change haematocrit. Though it is a time consuming
procedure that is unpleasant for the patient, there
are likely to be benefits associated with the low dose
of streptokinase used in selective infusion. Systemic
fibrinolysis, however, is often seen in intracoronary
streptokinase treatment6 - 8 as well as in intravenous
streptokinase infusion, and this complication has
even been correlated with the success of the pro-
cedure.20 22 We found systemic fibrinolysis in 80%
of patients screened. The fall in haematocrit was
higher in patients with systemic fibrinolysis than in
those without. This confirms the correlation be-
tween bleeding and systemic fibrinolysis. 4 Bleeding
in patients undergoing intracoronary streptokinase
infusion was apparently caused by streptokinase in-
duced systemic fibrinolysis together with the arterial
catheterisation and the use of intravenous acetyl-
salicylic acid and hydrocortisone. Bleeding was not
related to the dose of streptokinase given, as has al-
ready been shown by others.14

CLINICAL IMPLICATIONS
There is a definite risk of non-fatal major arterial
bleeding associated with intracoronary streptokinase
treatment. This is attributable to the combined use
of streptokinase with a catheterisation procedure.
Bleeding was three times more common in patients
over the age of 60 than in younger patients and ten-
ded to be more common in females. The appearance
of a groin haematoma after intracoronary strep-
tokinase treatment indicates important bleeding and
transfusion support was required by about 70% of
patients with this complication. The use of more
specific fibrinolytic agents such as tissue plas-
minogen activator,23 might avoid these compli-
cations.
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